Lung cancer is the leading cause of cancer death around the world. The advanced discovery of numerous long noncoding RNAs (lncRNAs) has dramatically changed the understanding of biology of human cancers, including lung cancer. LncRNAs are a group of noncoding RNAs (ncRNAs) with a length greater than 200 nucleotides with limited or no proteincoding capacity. Increasing evidence has shown that specific lncRNAs may be implicated in the process of tumorigenesis. Because of their roles in the regulation of multiple molecular pathways associated with changes in gene expression, lncRNAs can serve as potential diagnostic biomarkers or therapeutic targets in lung cancer. Importantly, dysregulated lncRNAs is reported to be correlated with the sensitivity of lung cancer cells to anticancer therapies, including chemotherapy, molecular-targeted therapy, etc. Herein, we review the recent progress of lncRNAs in lung cancer, with a particular focus on the multiple molecular roles of regulatory lncRNAs on the molecular signaling pathways involved in tumorigenesis and the resistance to such therapies.
Introduction
Lung cancer remains the most common cancer deaths worldwide and accounts for 19.4 % of total cancer mortality [1] . In industrialized countries, lung cancer is the leading cause of cancer death in males and is growing in incident rates among females [2] . More than half of all patients diagnosed with lung cancer are poor prognosis. Despite improvements in early diagnosis, advancements in treatment, five year survival rate for primary lung cancer remaining below 16% [3] .
Primary lung cancers are traditionally classified as either small cell lung cancer (SCLC) or non-small cell lung cancer (NSCLC). NSCLC accounts for approximately 80% of all primary lung cancers with adenocarcinoma, squamous cell carcinoma and large cell carcinoma constituting the major histological types. At the time of diagnosis, almost half of NSCLC cases are localized or locally advanced, complete surgical resection remains the best option for these patients. However, for patients with advanced NSCLC, platinum-based combination chemotherapy is currently recommended as the standard treatment. With the increase in understanding of the biological mechanisms in lung cancer, molecular targeting treatment has achieved graveness progression and the curative effect was striking. The epidermal growth factor receptor (EGFR) is seen as a promising target and frequently mutated in patients with NSCLC. EGFR-directed therapies and angiogenesis inhibitors have now emerged as the best options for these patients with a mutation in exons 19 or 21 of the EGFR [4] . In contrast, 80% of patients with SCLC have metastatic disease at the time of diagnosis. SCLC is characterized by rapid growth rate, early regional lymph node metastasis, and spread to distant sites. Survival percentages for lung cancer is significantly low when only SCLC is considered [5] . For prognostic and therapeutic reasons, having a standardized and validated approach to stage the disease accurately is imperative.
Due to the development of resistance to therapies, the treatment of lung cancer faced a significant challenge [6] . Cancer drug resistance can be classified in two types: pre-existing and acquired [7] . Recent studies have demonstrated that intracellular signaling pathways play key physiological roles and the abnormal activation of signaling pathways may be correlated with acquired resistance. For example, RUNX3 confers, at least in part, resistance of lung adenocarcinoma cells to docetaxel (DTX) agent via activating AKT signaling [8] . In addition, dysregulated of ZEB1 and ING4 is also found to be involved in the resistance of lung adenocarcinoma cell to DTX [9, 10] . Meanwhile, the dysregulation of ncRNAs has been highlighted as a novel mechanism of resistance in recent years.
LncRNAs biogenesis and gene expression
Over the last decade, advances in genome-wide analysis of gene expression have revealed that protein coding gene exons constitute less than 3% of the human genome, and a growing list of noncoding RNA genes within introns has been shown to regulate the expression of genes [11] . The ncRNAs composes three types: long ncRNAs, mid-size ncRNAs and short ncRNAs. Recently, the research of short ncRNAs has been the hotspot, such as microRNAs (miRNAs). MiRNAs are exciting molecular entities with additional advantages as targeting gene regulation to change the lung cancer treatment in the future. The association between altered let-7 family expression and the biological and clinical effects in lung cancer was first reported. Further study has found that restoration of Let-7c can reverse chemo-or radioresistance of lung adenocarcinoma cell via targeting Bcl-xL [12] . MiR-145 and miR-224 are reported to confer the chemoresistance of lung adenocarcinoma cells to cisplatin (CDDP) via delaying the progression of the cell cycle from G1 to S phase [13, 14] . In addition, miR-650 has been shown as a potential target for chemosensitizing lung adenocarcinoma cells to DTX and of interest, miR-451 play a role in both DTX or CDDP resistance and radioresistance [15, 16] . These results clearly suggest that dysregulation of miRNAs is associated with the resistance of lung cancer to anti-cancer therapies have been reported. LncRNA, another novel class of ncRNA, is rapidly gained prominence and gives hope for a more profound understanding of lung cancer [17] .
In general, lncRNAs are greater than 200 nucleotides with limited or no protein-coding capacity. In contrast to protein-coding genes, the transcription start sites of lncRNAs are around by a higher level of DNA methylation independent of their expression status, which makes a clear distinction between the two [18] . Transcription of lncRNAs occurs from an independent gene promoter and a large number of them are transcribed by RNA polymerase II. The act of some transcription is associated with epigenetic signatures common to protein-coding genes, such as trimethylation of histone 3 lysine 4 (H3K4me3) at the transcriptional start site and trimethylation of histone 3 lysine 36 (H3K36me3) throughout the gene body. The expression levels of many identified lncRNA appear to be lower than protein-coding genes, and some lncRNAs are frequently expressed in a tissue-specific manner [19] .
Up to now, more than 3000 lncRNAs have been identified. It is not easy to generate comprehensive classifications of lncRNAs, because the same lncRNAs may be listed in different groups in all classifications. Derrien et al. subclassified lncRNAs according to their location with respect to the nearest protein-coding gene, and the categories include exonic lncRNAs (antisense/sense), intronic lncRNAs (antisense/sense), overlapping lncRNAs (antisense/ sense), and intergenic lncRNAs [20] . As localized to the nucleus, lncRNAs have the potential capabilities of modulating chromatin or functioning as genetic expression regulators. Aberrant expression of several lncRNAs is related to carcinogenesis, and dysregulation of them participate in tumor initiation, progression, and metastasis in various types of human cancers，such as gastric cardiac adenocarcinoma, breast cancer, hepatocellular carcinoma, etc [21] [22] [23] . LncRNAs regulate various molecular signaling pathways via changing gene expression, and therefore, dysregulation of their expression may be implicated in general mechanisms of carcinogenesis [24] . The expression level of lncRNAs has indeed shown significantly different between cancer tissues and normal tissues. HOTAIR (HOX transcript antisense RNA), MALAT1 (metastasis associated lung adenocarcinoma transcript 1), HOTTIP (HOXA transcript at the distal tip), ANRIL (antisense noncoding RNA in the INK4 locus)，and ZXF2 have been found to be upregulated in lung cancer tissues, and upregulation of those lncRNAs is correlated with higher TNM stage, advanced lymph-node metastasis, and poorer overall survival of patients [25] [26] [27] [28] [29] [30] . Meanwhile, plenty of tumor suppressive lncRNAs have been identified, such as MEG3 (maternally expressed gene 3), lincRNA-p21, GAS5 (growth arrest specific transcript 5), TUG1 (taurine-upregulated gene 1) [31] [32] [33] . Considering their roles in carcinogenesis, lncRNAs may hold promise as diagnostic or prognostic biomarkers for lung cancer [34] .
Roles of lncRNAs in lung cancer biology
LncRNAs play important roles in many biological processes, such as transcription, splicing, translation, protein localization, epigenetic gene expression, ribonucleoprotein complexes, chromatin modifying enzymes, and so on [35] [36] [37] (Fig. 1) . Because of their roles in the regulation of multiple molecular signaling pathways associated with changes in gene expression, lncRNAs are implicated in cancer progression implicated in the initiation and progression of lung cancer [38] . For example, MALAT1 is the first identified lung cancer-associated lncRNA, which promotes motility and proliferation of lung cancer cells by regulating caspase-8, caspase-3, BAX, BCL-2, and BCL-XL [39] . In the past decade, the increasing recognition of lncRNAs has defined these genes as critical actors in numerous cellular processes of lung cancer [40] . 
LncRNAs related to cell proliferation
Multiple signaling pathways are activated and contribute to tumor cell survival and proliferation. To date, there are a number of research findings alluding to lncRNAs and cell proliferation in different cancer types, including lung cancer ( Fig. 2A) . Numerous lncRNAs have been reported as inducer of uncontrolled cell proliferation in lung cancer. Some of these examples include PANDAR (promoter of CDKN1A antisense DNA damage-activated RNA), which is demonstrated to repress the proliferation in vitro and in vivo of NSCLC cells when overexpressing [41] .
Further experiments revealed that TUG1 (taurine-upregulated gene 1) is a direct transcriptional target of p53. P53-regulated TUG1 is a growth regulator, which can bind to PRC2. Also, the promoter of HOXB7 locus could be bound by EZH2 (enhancer of zeste homolog 2), a key component of PRC2, suggesting that HOXB7 is a bona target of TUG1/PRC2-regulated genes. This TUG1-mediated growth regulation is in part due to specific modulation of HOXB7, thus participating in AKT and MAPK pathways [33] . ANRIL, a lncRNA located in cell nucleus and silences KLF2 and P21 by directly binding with EZH2, could promote the proliferation of NSCLC cells [29] . Phospholipase D (PLD) produces phosphatidic acid (PA), and aberrant PLD/PA signaling has been observed in various types of human cancers. Kang and his colleagues showed that ANRIL was responsible in anti-tumorigenesis caused by PLD inhibition, suggesting that combined incorporation of ANRIL into PLD inhibition-induced anti-tumorigenic signaling network could be a new effective therapeutic approach for controlling lung cancer [42] .
Deng et al. found that depletion of HOTTIP not only caused cell cycle arrest in G0/ G1 phase but also inhibited tumor growth in a mouse model of lung cancer, which were correlated with upregulation of cell cycle regulators Cdc25C, Cyclin B1 and Cyclin D1 [28] . Identical to HOTTIP, lncRNA AK001796 could regulate the expression of different cell-cycleassociated genes, including BIRC5, TPDF2, CDC6, CDK5RAP1, GADD45A, and CCNC. TFDP2 encodes a protein that forms heterodimers with the E2F transcription factors, leading to the transcriptional activation of cell-cycle-regulated genes. CDC6 regulates the early steps of DNA replication. ATR is a cell-cycle-checkpoint gene responsible for cell-cycle arrest and DNA damage repair in response to DNA damage. Reduced AK001796 potentially causes a cell-cycle arrest, with significant increases in the percentage of cells in G0/G1 in lung cancer cells [43] . P27 as a tumor suppressor that regulates cell cycle proliferation can be a potential target of LUADT1 (lung adenocarcinoma transcript 1). Both in vitro and in vivo data showed that LUADT1 knockdown significantly inhibits cell proliferation and induces cell cycle arrest at the G0-G1 phase by epigenetically inhibiting the expression of p27 [44, 45] .
Functional validation shows that the most differentially expressed lncRNA across lung subtypes, LCAL1 (lung cancer associated lncRNA 1), contributes to cellular proliferation [46] . Furthermore, siRNA-mediated knockdown of MVIH could inhibit cell growth via regulating MMP-2 and MMP-9 protein expression in NSCLC [47] . Likewise, silencing of CCAT2 (Colon cancer associated transcript 2) could lead to inhibition of proliferation in NSCLC cell lines in vitro [48] . H19, a functional executor of oncogene c-Myc downstream, plays a key role in the development of lung cancer through affecting cell proliferation [49] . By contrast, MEG3 functions as a tumor suppressive lncRNA. Overexpression of MEG3 is found to induce the increased expression of MDM2 and p53 protein, and decreases NSCLC cells proliferation in vitro and impedes tumorigenesis in vivo [31] . These findings provide recent updates on the noncoding genetic targets for the prevention and treatment of lung cancer.
LncRNAs related to cell invasion and metastasis
Recent studies have demonstrated that abnormal expression of lncRNAs has been observed in tumor tissues, and dysregulation of numerous lncRNAs is correlated with poor prognosis in lung cancer. Studies examining the roles of lncRNAs in lung cancer development showed that ANRIL, HNF1A-AS1, PVT1, CARLo-5 and CCAT2 play important roles in migration and invasion in NSCLC cells [29, 48, [50] [51] [52] . In another study, in vitro experiments demonstrated that silencing of LINC01133 could significantly reduce the invasion ability of lung squamous cell cancer cells [53] .
Elevated expression of lncRNA MALAT-1 has been observed in NSCLC, and are correlated with higher incidence of lymph node metastasis [54] . MALAT1, also known as NEAT2, is a highly conserved nuclear lncRNA and specifically enriched in nuclear speckles [55] . In lung cancer, MALAT1 actively regulates gene expression including a set of metastasisassociated genes independent of altering alternative splicing (Fig. 2B) . It is known that aberrantly activated ERK/MAPK pathway contributes to cancer cell metastasis. Knockdown of MALAT-1 can downregulate the expression of MMP-9 and inactivate the extracellular signal-regulated kinase/ mitogen-activated protein kinase (ERK/MAPK) pathway. Also, lncRNA BCYRN1, which is the target of c-MYC, could increase the expression of MMP-9 and MMP-13 and then lead to the increased capacities of cell motility and invasiveness in NSCLC [56] . Additionally, MALAT-1 is reported to play an important part in TGF-β-induced EMT, which was a key step of cancer metastasis. Importantly, MALAT-1 could also regulate expression of several metastasis-associated genes including melanoma inhibitory activity 2 (MIA2, anegative regulator of tumor growth invasion), roundabout 1 (ROBO1, an inhibitor of glioma migration and invasion), glypican6 (GPC6, a promoter of breast cancer metastasis), ATP-bind cassette sub family A member 1 (ABCA1, an important factor for prostate cancer cell migration and epithelial-to-mesenchymal transition) [39] . Consequently, MALAT1 may serve as an independent prognostic marker for patient survival and a potential therapeutic target in lung cancer.
Actin filament associated protein 1 antisense RNA1 (AFAP1-AS1) was reported to be the most significantly upregulated in lung cancer and associated with poor prognosis of patients. At the same time, in vitro functional experiments demonstrated that knockdown of AFAP1-AS1 significantly inhibited the invasive and migration capability of lung cancer cells by regulation of its antisense protein coding gene, actin filament associated protein 1 (AFAP1) and affecting the expression levels of several small GTPase family members and molecules in the actin cytokeratin signaling pathway [57] .
HOTAIR, the lncRNA originally identified in breast cancer, was demonstrated to be upregulated in a variety of cancers including lung cancer. This lncRNA is a HOXC cluster-derived lncRNA that binds to the transcriptional co-repressor PRC2 and recruits PRC2 to silence its target genes. Recent studies have identified that HOTAIR has an oncogenic role both in SCLC and NSCLC, and consistent with these observations, upregulation of HOTAIR could enhance the aggressive behaviors of lung cancer cells [58, 59] . As the hypoxia-inducible lncRNA, HOTAIR is found to play an important role in hypoxia-enhanced aggressive phenotypes. HIF-1α targets HOTAIR through direct interaction with putative HREs in the upstream region of HOTAIR in NSCLC cells, and it is conceivable that myc mediates activation of the HOTAIR gene by Col-1 [60] . Under normoxic conditions, HIF-1α does not activate HOTAIR transcription, but c-Myc could be responsible for the transcriptional regulation of HOTAIR. Under hypoxic conditions, the hypoxia promotes c-Myc degradation and HIF-1α could regulate HOTAIR expression, and then HOTAIR enhances cancer cell migration and invasion [61, 62] . HOXA5, a member of HOX family, has been reported to be involved in lung maturation and function. It was also found that inhibition of HOXA5 could significantly promote migration and invasion in A549 cells. In a study by Liu et al. showed that the oncogenic functions of HOTAIR may be partially exerted through downregulation of tumor suppressor HOXA5 [63] . Furthermore, another study indicates that HOTAIR can promote gelatinase activity in lung cancer cells by promoting the activity of MMP-9 and/or MMP-2, consistent with a role in promoting invasion and metastasis [64] .
LncRNAs related to cell apoptosis
The same lncRNAs may induce different biologies in cancer cells via regulating the expression of different target genes (Fig. 2C) . For example, depletion of HOTTIP not only causes cell cycle arrest in G0/G1 phase, but also induces significant cell apoptosis [28] . Moreover, MEG3 stimulates p53-dependent transcription by driving transcription of the growth differentiation factor 15 (GDF15), but not that of p21 [65, 66] . Thus, inhibition of lncRNA MEG3 leads to NSCLC cell proliferation and apoptosis, at least partially by preventing p53 activation. P53, an important transcription factor, is capable of regulating the expression of many target genes and functioning as a tumor suppressor in tumor development. The mutation of p53 is often found in most human cancers, including lung cancer [67] . In contrary, p53 acts upstream of lncRNA Lnc_bc060912 in the regulatory network, and negatively regulates the expression of Lnc_bc060912, which represses cell apoptosis via interacting with the two DNA damage repair proteins PARP1 and NPM1 [68] . Also, overexpression of PANDAR significantly inhibits NSCLC cell growth in vitro and in vivo and enhances cell apoptosis partially via the transcriptional modulation of Bcl-2 by interacting with NF-YA, suggesting that dysregulation of the p53/PANDAR/NF-YA/Bcl-2 signaling axis might have a great effect on the progression and development of NSCLC [41] .
LncRNAs related to lung cancer therapy resistance

LncRNAs related to cisplatin resistance in lung cancer
Cisplatin (CDDP) is a DNA-damaging cytotoxic agent, and represents a major landmark in the history of successful anticancer drugs since its clinical introduction in the 1970s [4] . Till now, CDDP-based treatment is also the golden standard for lung cancer treatment. However, the development of chemoresistance is the main cause of treatment failure. Recent studies suggest that lncRNAs also play a significant role in chemosensitivity and some lncRNAs has been reported to be associated with CDDP resistance in lung cancer. In a study by Hou et al., lncRNA AC006050.3-003 was observed to be correlated with the response of SCC patients to CDDP-based chemotherapy. Of course, further studies are warranted to elucidate the exact molecular mechanisms by which AC006050.3-003 functions in the response of SCC cells to CDDP [69] . CITED2, a transcriptional modulator, is involved in human oncogenesis, and the lncRNA-RP11-15H7.2 has been found to be located near it. CITED2 has been reported to be involved in the resistance of cancer cells to CDDP, raising the possibility that lncRNA-RP11-15H7.2 could be a promising new therapeutic target for overcoming the developing of resistance to CDDP in lung cancer [70] .
The resistance of CDDP in lung cancer cells protects the cells from the cytotoxic effects of the drugs. p53 is a DNA-binding tumor suppressor that plays a pivotal role in DNA repair and apoptosis, and CDDP can exert its cytotoxic effect partially through regulation of the p53 signaling pathway [71] . MEG3 activates the p53 pathway via MDM2 suppression with consequent stimulation of GDF15 expression in turn, and finally leads to the suppression of cell proliferation. Cell cycle arrest is a critical process for DNA repair in CDDP-treated tumor cells, and therefore its failure may result in CDDP resistance. In a recent research, Liu et al. has found that MEG3 expression was markedly decreased in CDDP-resistant A549/DDP cells compared with parental A549 cells and its overexpression in A549/DDP cells increased their chemosensitivity to CDDP both in vitro and in vivo by inhibiting cell proliferation and inducing apoptosis [66] . As a member of the Bcl-2 family of proteins, Bcl-xl functions as suppressing tumor apoptosis, which is also reported to play an important role in mitochondrial permeabilization-induced apoptosis particularly through the p53-Bcl-xl interaction [71] . In this study, MEG3 was decreased in CDDP-insensitive lung adenocarcinoma tissues while p53 protein levels were decreased and Bcl-xl protein levels increased. These data demonstrated that MEG3 may regulate the CDDP resistance of lung adenocarcinoma cells through the control of p53 and Bcl-xl expression. P21 is a cyclin-dependent kinase inhibitor that is induced by p53 upon DNA damage or p53 overexpression, leading to inhibition of further cell proliferation by inducing cell cycle arrest at the G1 checkpoint. Low p21 expression has been found to promote the resistance of A549/DDP cells to CDDP. Epigenetic silencing is a common mechanism to inactivate tumor suppressor genes during carcinogenesis, and p21 could be significantly increased in NSCLC cells after EZH2-siRNA delivery [72] . EZH2 is the components of PRC2, which works in cooperation with HOTAIR and participation in the modifications of DNA-binding proteins and then regulates global gene expression [58] . Therefore, knockdown of HOTAIR might re-sensitize the responses of A549/DDP cells to CDDP both in vitro and in vivo, at least partially through the regulation of p21 expression [73] . LncRNA AK126698 is also reported to regulate the CDDP resistance of A549 cells partially through the canonical Wnt pathway. Wnt-β-catenin pathways are precisely controlled by a number of regulators, including the naked cuticle (NKD) family. Its two vertebrate orthologs NKD1 and NKD2 have been shown to negatively regulate canonical Wnt signaling by binding to Dvl. Knockdown of lncRNA AK126698 can significantly decrease the expression NKD2, which can negatively regulate Wnt/β-catenin signaling. Meanwhile, knockdown of AK126698 could also increase the expression of whole β-catenin and nuclear translocation of β-catenin [74] .
LncRNAs related to EGFR-TKIs resistance in lung cancer
The discovery of activating mutations in EGFR (exons 18-21) led to subsequent development of EGFR tyrosine kinase inhibitors (EGFR-TKIs), such as gefitinib and erlotinib, revolutionizing the treatment of lung carcinogenesis [75, 76] . EGFR-TKIs are now recommended as first-line therapy for lung cancer patients with these mutations. Previous studies reported that the molecular mechanisms of EGFR-TKIs mainly includes activation of PI3K/Akt, MEK and STAT signal pathways, which promote cell proliferation and cell apoptosis in NSCLC [77, 78] . Recently, more and more important regulatory functional lncRNAs are found to play critical roles in gefitinib-resistant lung cancer cells through regulation of cell proliferation and apoptosis.
EMT is a process where epithelial cells lose their cell polarity and cell-cell adhesion, and consequently with gaining migratory and invasive properties to become mesenchymal cells [79] . Increasing evidence show that EMT is associated with the resistance of lung cancer cells to EGFR-TKIs in vitro [80] . Recently, some lncRNAs have been reported to promote EGFR-TKIs resistance of lung cancer by regulating EMT process. As a member of the FOX transcription factor family, FOXC1 is important in cancer development and induces EMT via inhibiting E-cadherin expression and promotes cell migration and invasion [81] . LncRNAs BC087858 is an intergenic lncRNAs, which locates near forkhead box protein C1 (FOXC1). Thus, BC087858 may induce EGFR-TKIs resistance through EMT [78] . In addition, MALAT-1 is observed be downregulated in gefitinib-resistant lung cells. MALAT-1 is linked to EMTassociated transcription factors ZEB1, ZEB2, slug and E-cadherin, but whether MALAT-1 regulates EMT to affect the sensitivity of lung cancer cells to EGFR-TKIs is still unclear. Therefore, future studies are needed to fully elucidate the possible mechanisms of MALAT-1 involved in the development of EGFR-TKIs resistance [82] .
Insulin-like growth factor 1 is an important growth regulatory pathway, significantly responsible for cancer cell proliferation, migration, and apoptosis [83] . Inhibition of IGF signaling, however, seems responsible for blocking the growth and survival of tumour cells where the PI3K-AKT or ERK pathways are activated by the loss of functional PTEN or RAS-RAF activation, respectively [84] . IGF-1 signaling is regulated by insulin-like growth factor 1 receptor (IGF-1R). IGF-1R has been identified as a downstream target of GAS5, and upregulation of GAS5 can decrease cell viability and reverse EGFR-TKIs resistance of lung cancer cells by directly downregulating IGF-1R expression [85] .
Discussion
Since lncRNAs receive more and more attention, increasing numbers of lncRNAs associated with lung cancer have been identified. LncRNAs preferentially express in [86] . Meanwhile, downregulation of HMlincRNA717 is reported to be involved in NSCLC progression [87] . These traits highlight the potential capability of lncRNAs to be an independent diagnostic or prognostic factor for lung cancer patients. Given the potential roles of lncRNAs in tumorigenesis, researchers have sought to identify lncRNAs which can be used for preventing or treating human cancers. Gutschner et al. reported that antisense oligonucleotides (ASO) -mediated blocking of MALAT1could prevent the metastasis formation after tumor implantation [88] . Meanwhile, targeting p53/TUG1/PRC2/HOXB7 or p53/PANDAR/NF-YA/Bcl-2 signaling axis may be a promising strategy for the treatment of NSCLC [33, 41] . These experimental data uncover that lncRNAs may serve as both predictive markers and therapeutic targets in lung cancer. The development of drug resistance remains as a major challenge in the treatment of lung cancer. Increasing evidence has pointed to the direct involvement of lncRNAs in the resistance of lung cancer to therapies ( Table 1 ), suggesting that target lncRNAs may a potential strategy for reversing the resistance of lung cancers cell to chemotherapy and molecular-targeted therapy.
Conclusions and Future Directions
In conclusion, lncRNAs can serve as diagnostic or prognostic factors in lung cancer, while they are also such compelling molecular entities with the potential to offer a new approach to overcome the development of resistance in lung cancer treatment. However, the molecular mechanisms underlying the functions of lncRNAs are not yet fully understood, and the fundamental understanding of lncRNAs remains to be extended. Based on a deeper understanding of lncRNA biology in lung cancer, the lncRNA-based therapies in the form of ASOs as well as other technologies hold great promise for overcoming chemoresistance and developing more effective personalized anticancer treatment strategies in lung cancer patients. Before lncRNA-based therapies can become a successful method for the treatment of lung cancer patients, therapeutic delivery of delivery of target lncRNAs into tumor cells or tissues and evaluation of their safety still remain major challenges.
